Background: Emergence agitation (EA) frequently occurs after desflurane anesthesia in children. Ketamine, because of its sedative and analgesic properties, might be useful for the management of separation anxiety and EA. We investigated the preventive effect of ketamine on separation anxiety and EA after desflurane anesthesia in children for brief ophthalmic surgery.
Introduction
Desflurane is a popular anesthetic in pediatric and ambulatory anesthesia. However, when desflurane is used alone, it causes children to have a higher incidence of EA. Rapid removal of residual anesthetics due to desflurane's low blood solubility has been suggested to cause incidences of emergence agitation (EA) [1] . EA is common in children [1] [2] [3] [4] . EA causes discomfort and affliction to young patients and their guardians and can also lead to problems during recovery. There have been a number of studies over the causes of EA and preventive strategies against EA, but the pathogenesis and preventive methods are still controversial [4] . Preoperative anxiety is associated with a high incidence of problematic behavior on emergence from anesthesia [5, 6] . Cole et al. [7] have shown that difficult separation of children from their parents is associated with a higher risk of developing postoperative delirium. Ketamine is an effective drug for sedation, analgesia, and amnesia. Additionally, ketamine may be useful for sedating excited and anxious children during the pre-surgical waiting period.
The purpose of this study was to compare the effect of injection ketamine between when ketamine was injected at 10 min before the completion of operation and when ketamine was injected as premedication before entering the operating room. The effect of ketamine injection was measured by the incidence of separation anxiety, EA, and side effects in children under going brief ophthalmic surgery under desflurane general anesthesia.
Materials and Methods
After the approval from the Institutional Review Board and informed consent of patients and guardians following full explanation of the purpose and the procedure of this study were obtained, the study was carried out. Sixty children, between the ages of 2-8 years, with American Society of Anesthesiologists physical status I-II, who were scheduled to undergo strabismus or entropion surgery under general anesthesia, were enrolled into this study. Children with cognitive or developmental disorders were excluded.
The 60 patients were randomly allocated to one of the 3 groups: the control group (administered saline solution, n = 20), the K0.5 group (administered 0.5 mg/kg of ketamine 10 min before the completion of operation, n = 20), and the K1.0 group (administered 1.0 mg/kg of ketamine before entering the operating room, n = 20).
Atropine 0.01 mg/kg was injected intramuscularly 30 min before the induction of anesthesia. Before entering the operating room, the control and group K0.5 received normal saline and the group K1.0 received ketamine 1.0 mg/kg intravenously. All medication was administered by personnel who were not involved in this study and total injected volume of medication was 5 ml in total.
On arrival at the operating room, separation anxiety score was assessed on a simple 4-point scale as follows: 1, calm child: no kind of intervention; 2, consolable child: requires only physical contact with parents; 3, agitated child: a screaming and crying child; and 4, aggressive child: must be physically restrained to avoid harm [7] . We monitored the blood pressure, electrocardiogram, and pulse oximetry. Thiopental sodium 5 mg/kg and rocuronium 0.6 mg/kg were administered intravenously and an endotracheal intubation was performed. Anesthesia was maintained with oxygen 1.5 L/min, nitrous oxide 1.5 L/min and desflurane at 4-6 vol%, while controlled ventilation was performed to sustain end-tidal carbon dioxide between 30 and 35 mmHg. Ten minutes prior to the end of surgery, ketamin or normal saline was administered by physician who was not participating in this study. The control and group K1.0 received normal saline and the group K0.5 recieved ketamine 0.5 mg/kg intravenously. The removal time of the speculum from eyelid defined the termination of surgery. At the end of surgery, administration of desflurane and nitrous oxide was discontinued, and then manual ventilation was performed with 100% oxygen 6 L/min. To reverse residual muscle relaxation, pyridostigmine 0.2 mg/kg and glycopyrrolate 0.008 mg/kg were administered. When gag reflex was restored and the patient showed facial grimaces or purposefulappearing motor movements, extubation was performed and the time period from the end of surgery to the extubation was recorded. The time span from the attachment of the monitoring equipments to the extubation was recorded as the duration of anesthesia, while the time span between the insertion and removal of the eyelid speculum was recorded as the duration of operation. After extubation, patients were transferred to the post-anesthesia care unit (PACU), where their EA was observed by nurse, who was blinded to the group of the patients. EA was assessed on a simple 4-point scale, same as separation anxiety [8] . On admission to the PACU and every 5 min, patients' emergence behavior was measured and the highest score When the modified CHEOPS is more than 6, children were managed by giving fentanyl 1.0 μg/kg with at least a 10 min time interval between each dose and the administration was discontinued as soon as the symptoms were disappeared. Injection dose of fentanyl was 1 μg/kg as single bolus, but limited to 3 μg/kg. For evaluation of postoperative nausea and vomiting, a 4-point scale was employed to check the incidence of adverse events as follows: 1, none; 2, nausea only; 3, one episode of vomiting; and 4, more than 2 episodes of vomiting. Recurrent vomiting within 5 minutes was regarded as one single episode. Ondansetron 0.15 mg/kg was provided for an antiemetic drug and if the vomiting was not controlled, repeated administration was performed up to a total dose of 4 mg.
Modified Aldrete postanesthesia score (Table 2) [10] was adopted as the discharge criteria, according to which a score of more than 9 is required for discharge. Patients who fulfilled the discharge criteria were transferred to the ward unit and the PACU stay time was recorded.
Statistical analysis was performed using SPSS 12.0 (SPSS Inc., Chicago, IL, USA). Continuous variables such as age, height, weight, duration of anesthesia, duration of surgery, extubation time after the end of surgery, PACU stay time, and modified CHEOPS were confirmed to follow a normal distribution. Among the variables, extubation time and PACU stay time were reported as mean ± SD, which was analyzed using one-way ANOVA followed by Turkey test, while the other continuous variables were done using Kruskal-Wallis test. Categorical variables were compared using Chi-square test for sex and using Fisher's exact test for seperation anxiety score, postoperative nausea/vomiting scores, and EA scores. A P value less than 0.05 was considered statistically significant.
Results
Of the 60 patients, there were no statistically significant differences among the 3 groups in age, sex, height, weight, the duration of anesthesia, and operation (Table 3) .
There were no significant differences in the PACU stay time and the incidence of postoperative nausea and vomiting among the 3 groups. However, extubation time in group K0.5 was significantly prolonged compared to the group K1.0 and the control (Table 4 ). The K0.5 and K1.0 groups showed a lower incidence of fentanyl injection compared to the control (Table 4 ). The group K1.0 revealed a lower separation anxiety score compared to groups K0.5 and control, respectively. The incidence of EA and the modified CHEOPS were significantly lower in groups K1.0 and K0.5 compared to control, but there was no significant difference between group K1.0 and group K0.5 (Table 5) . Values are mean ± SD. There are no significant differences among the 3 groups. Group C: administration of normal saline. Group K1.0: administration of ketamine 1.0 mg/kg intravenously before entering the operating room. Group K0.5: administration of ketamine 0.5 mg/kg 10 min before the end of the surgery.
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Discussion
When desflurane is used alone, it causes children to have a higher incidence of EA. Rapid removal of residual anesthetics due to desflurane's low blood solubility has been suggested to cause incidences of EA [1] . Although the total intravenous anesthesia with propofol and remifentanil caused emergence as rapid as desflurane anesthesia, the incidence of EA after desflurane anesthesia was higher than propofol anesthesia [11] . Valley et al. [12] reported that deep extubation can be performed safely in anesthetized pediatric patients with desflurane or sevoflurane and EA was common in both groups.
Furthermore, the other etiology of EA include the lack of a young child's ability to adapt to sudden changes, especially in unfamiliar environments, immature neurologic development, separation anxiety, increased pain sensation, and sympathetic hyperactivity [13, 14] .
EA is characterized by self-limiting aggressive agitation developed in the early phase of awakening from anesthesia at the end of surgery. EA carries the risk of children injuring themselves, their healthcare providers, their surgical repair, causing removal of drains, bleeding or pain at the surgical site, all of which can lead to the delay of discharge from the PACU [15] . Furthermore, it is not easy to differentiate between pain and EA in young patients, because they are able to express their pain and because EA disappears for the most part within 15 min [16] .
According to Lim et al. [17] , EA occurs far more frequently in pre-school aged children than in school aged children. The reason for this disparity is that pre-school aged children are far less able to acclimate themselves to the unfamiliar surroun dings they may encounter upon emergence from anesthesia. Therefore, children participants in the current study were confined to between ages 2 and 8 years old, who were undergoing brief ophthalmic surgery. Eckenhoff et al. [18] reported that patients undergoing head and neck procedures may increase the incidence of emergence agitation. In addition, ophthalmology procedures in children may increase the incidence of emergence agitation. It is possible that when vision is disturbed following surgery and eye patching, the reactivity of the child to a hostile environment upon awakening from anesthesia may be distorted [19] .
Ketamine is an N-methyl-D-aspartate (NMDA) receptor antago nist, which has strong analgesic effect at less than anesthesiainducting doses, does not cause respiratory depression at a small dose less than 1 mg/kg, and affects heart rate and blood pressure insignificantly [20] . It is reported to possess strong preemptive analgesic effects and to suppress the occurrence of EA in children. The incidence of arousal responses such as nightmare or hallucination, which restrain clinical employment of ketamine, reaches 5-30% at a large dose of ketamine [21] , but becomes lower at a smaller dose less than 1 mg/kg compared to opioids [22] .
Karamaz et al. [23] showed that oral premedication with relatively high-dose ketamine reduced the incidence of EA in children undergoing adenotonsillectomy after desflurane 
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anesthesia without delaying recovery. Kawaraguchi et al. [24] reported that an administration of ketamine 1 mg/kg after the induction of anesthesia and an instillation of ketamine 1 mg/kg/hr during operation in a pediatric strabismus surgery succeeded in decreasing EA. Kwak et al. [25] showed that intravenous injection of ketamine 1.0 mg/kg, after the induction of anesthesia for young children undergoing tonsillectomy under general anesthesia with sevoflurane decreased the incidence of EA without delay in recovery.
In this study, we considered that the difficult separation of children from their parents when they enter into the operating room is associated with a higher risk of EA. And we compared the preventive effect of 1.0 mg/kg of ketamine as a premedicant to 0.5 mg/kg of ketamine, which administered 10 min before the completion of operation. In a preliminary study, 0.5 mg/ kg of ketamine as a premedicant was not sufficient to induce sedation. Thus, we decided to use 1.0 mg/kg of ketamine for premedication.
Lee et al. [26] reported that a dose of 0.25 mg/kg or 0.5 mg/kg of ketamine, intravenously administered 10 min prior to the end of surgery, successfully reduced the incidence of EA without any particular side-effects or delay in recovery. Several previous studies found that the injection of low dose ketamine before the end of surgery reduced the incidence of EA without a delay in recovery [16, 26] . Therefore, we expected that extubation time would not be delayed in either K1.0 and K0.5. But, in this study, extubation time in group K0.5 was significantly prolonged compared to group K1.0 and control.
No premedication was given in the group C or group K0.5. This may be considered to be a limitation of our study, as preoperative anxiety may affect EA even if EA was no significant difference between groups K0.5 and K1.0
In conclusion, ketamine 1.0 mg/kg given intravenously for premedication reduces the incidence of EA and postoperative pain, as well as separation anxiety without delaying emergence.
